Objective To identify the prevalence of multidrug-resistant (MDR) bacteria and identify their specific risk factors in routine urine specimens of spinal cord injury (SCI) patients. Methods This study was designed in a retrospective manner, reviewing the medical records of SCI patients who were admitted to a specialized SCI unit between January 2001 and December 2013. Patients were investigated for age, gender, American Spinal Injury Association impairment scale, SCI level, duration after injury, bladder management method, and hospitalization history within four weeks prior to visiting our unit. The results of routine urine cultures including presence of MDR organisms were analyzed. Results Among the total 2,629 urine samples from the newly admitted SCI patients, significant bacteriuria was identified in 1,929 (73.4%), and MDR organisms were isolated in 29 (1.1%) cultures. There was an increasing trend of MDR organism prevalence from 2001 to 2013 (p<0.01). The isolation of MDR organisms in inpatients who were admitted for rehabilitation (1.3%) was significantly higher than it was among community-residing persons (0.2%) (p<0.05). By voiding method, patients who used a suprapubic indwelling catheter (3.3%) or a urethral indwelling catheter (2.6%) showed a higher rate of MDR organism isolation (p<0.05). Conclusion There was an increasing trend of MDR organism isolation in SCI patients. Inpatients and persons who used indwelling catheters showed a higher risk of MDR organism isolation.
INTRODUCTION
Many patients with spinal cord injury (SCI) have concomitant neurogenic bladder [1] . Because of impaired bladder storage, voiding dysfunction, and use of indwelling catheters after SCIs, these patients often experience urinary tract infections (UTIs) [2, 3] . Repeated UTIs can cause upper urinary tract deterioration, and related chronic or repeated exposure to the antibiotics used to treat UTI increases the risk of multidrug-resistant (MDR) bacteria colonization [4, 5] . Resistance in UTI-causing www.e-arm.org bacterial strains in SCI patients has been increasing [6] . Therefore, it is important to determine the prevalence of MDR urinary tract organisms to determine appropriate UTI treatment in SCI patients who are admitted to rehabilitation hospitals. In addition, continuous and longterm surveillance of MDR prevalence to identify changes in yearly trends is important for infection control in SCI patients.
In 2011, the Infectious Disease Control and Prevention Act in the Republic of Korea designated six bacterial strains-vancomycin-resistant Staphylococcus aureus (VRSA), vancomycin-resistant Enterococci (VRE), methicillin-resistant S. aureus (MRSA), multidrug-resistant Pseudomonas aeruginosa (MRPA), multidrug-resistant Acinetobacter baumannii (MRAB), and carbapenemresistant Enterobacteriaceae (CRE)-as MDR organisms that require monitoring and management at the national level. Although a number of large-scale reports related to MDR organisms in Korea were published as a result, relatively few specific reports focused on particular diseases or cohorts. In addition, no domestic report exists to date on the prevalence of urinary tract MDR organisms in SCI patients or on factors that contribute to colonization by MDR organisms in SCI patients.
The objective of this study was to analyze clinical and laboratory data collected from SCI patients who had been admitted to a freestanding rehabilitation hospital from 2001 to 2013 in order to determine the prevalence of MDR organisms in routine urine specimens and identify factors that increase their occurrence.
MATERIALS AND METHODS

Subjects
The subjects in this study were patients with SCI who were admitted to the specialized SCI unit of a freestanding rehabilitation hospital from January 2001 to December 2013. For the subset of patients who had been hospitalized more than once, only data from their first admission were included in the analyses. Patients with incomplete medical records or those who did not undergo initial routine urine culture were excluded from the study.
Data collection
Patient information from hospitalization records was investigated retrospectively. Age, gender, American Spinal Injury Association (ASIA) impairment scale, SCI level, time since injury, hospitalization history at other institutions within the previous four weeks, and voiding methods of patients with SCI at the time of admission were determined by examining medical records. To establish hospitalization history, we determined if patients had been admitted to any other hospitals less than 30 days before admission to our hospital. In this study, voiding methods were categorized into four types: catheter-free, intermittent catheterization, urethral indwelling catheter, or suprapubic indwelling catheter. The catheter-free voiding methods included reflex voiding and incontinence.
Among the 3,199 SCI patients who were admitted to the hospital between 2001 and 2013, a total of 2,629 patients were selected for analysis using the aforementioned methods. The subjects consisted of 1,921 men and 708 women with a mean age of 45.58±15.17 years. Patient categorization based on the ASIA impairment scale (AIS) showed that AIS category A was most common (45.4%). Among levels of spinal cord injury, tetraplegia (50.8%) was slightly more common than paraplegia (49.2%). The average length of disease after spinal cord injury was 33.81±62.23 months. Among the study subjects, 80.2% had a hospitalization history. Intermittent catheterization (44.1%) was the most common bladder management method, followed by catheter-free (33.6%), urethral indwelling catheter (18.8%), and suprapubic indwelling catheter (3.5%) ( Table 1) .
Laboratory methods
The study hospital performs routine urine cultures on all admitted patients regardless of the presence or absence of symptoms at the time of admission. The hospital utilizes the clean-catch technique for patients who are capable of spontaneous voiding and catheterization for those who are not. For sample collection from patients who were not capable of spontaneous voiding and who had an indwelling catheter, aseptic aspiration was performed with a sterile syringe in a clamped state after catheter change. For patients with intermittent catheterization, samples were collected during the procedure. The samples were cultured for bacteria in a routine laboratory, and the culture test results were reported, including the presence of MDR bacterial strains.
In this study, we investigated the results of single routine urine cultures conducted at the time of admission as www.e-arm.org well as the incidence of MDR isolation.
Definitions of antimicrobial resistance
In this study, the following definitions were used for analyses of urine culture results. First, 10 5 colony-forming units (CFU)/mL or higher was defined as significant bacteriuria [7] . The generally accepted criteria for significant bacteriuria for SCI patients were set by the National Institute on Disability and Rehabilitation Research and vary depending on voiding method [8] . However, in this study, significant bacteriuria was uniformly defined as 10 5 CFU/ mL regardless of voiding method because the hospital microbiology laboratory did not provide data when the count was below 1,000 colonies/mL. This criterion has been utilized in many previous SCI patient studies [7, 9] . Second, polymicrobial bacteriuria was defined as the detection of two or more bacterial species in a single specimen culture [10] . Finally, MDR bacteria detection was defined as identification of one of six strains, VRSA, VRE, MRSA, MRPA, MRAB, or CRE, in the urine culture. These six MDR bacteria were designated by the Infectious Disease Control and Prevention Act in January 2011 as MDR organisms that required monitoring.
Data analysis
Statistical analysis was conducted using SPSS ver. 20.0 (IBM, Armonk, NY, USA). The prevalence of significant bacteriuria, polymicrobial bacteriuria, and MDR organisms was determined, and the corresponding urine test results were categorized based on age, gender, AIS, SCI level, time since injury, voiding method, and history of hospitalization at other institutions. Chi-square tests were used to verify statistically significant differences in significant bacteriuria as well as prevalence of polymicrobial bacteriuria, bacterial species, and MDR organisms according to gender, hospitalization history, and voiding method. To estimate the risk factors that are thought to influence by MDR organism colonization, the odds ratios for age, gender, admission year, AIS, SCI level, time since injury, voiding method, and history of hospitalization were determined using multivariate logistic regression analysis to control for potential confounders. Statistical significance was defined as p<0.05.
RESULTS
Urine cultures
Significant bacteriuria Of the 2,629 urine cultures, 1,929 (73.4%) had significant bacteriuria (Table 2) , particularly, more women (78.4%) than men (71.5%). A higher percentage of individuals with urethral (84.8%) or suprapubic (90.1%) indwelling catheters showed significant bacteriuria compared with www.e-arm.org those without.
Polymicrobial bacteriuria
Polymicrobial bacteriuria was detected in 222 (8.4%) urine cultures (Table 2) , including a higher percentage of individuals who lived in communities (11.0%) than that for patients with a hospitalization history (7.8%). A higher percentage of individuals with urethral indwelling catheters (13.2%) were positive for polymicrobial bacteriuria than were those without. Polymicrobial bacteriuria with two and three species was detected in 219 (8.3%) and three (0.1%) urine cultures, respectively.
Bacterial species
Including the polymicrobial samples, a total of 2,154 bacterial isolates were identified from 1,929 culture-positive urine samples (Table 3) . Among these 2,154 isolates, 1,784 (82.8%) were gram-negative bacteria, including Escherichia coli (628, 29.2%), Klebsiella spp. (330, 15.3%), and Pseudomonas spp. (180, 8.4%). The most frequently identified strain, E. coli, was also more frequently isolated in women than men (p<0.01). By history of hospitalization in other institutions, E. coli was less frequently isolated in those with a hospitalization history than in those without (p<0.01). Differences in E. coli isolation frequency were also detected for different bladder management methods: samples obtained from patients with indwelling catheters had a lower E. coli isolation frequency (p<0.01). Klebsiella was the second most frequently detected strain after E. coli. Its prevalence also varied according to bladder management method (p<0.01), with greater frequency in patients who underwent intermittent catheterization. Pseudomonas was more commonly isolated in men than in women (p<0.01). Among bladder management methods, Pseudomonas was more commonly identified in those with suprapubic or urethral indwelling catheters (p<0.01). Acinetobacter was more commonly isolated in male than female subjects (p<0.01). We also detected differences in its prevalence depending on voiding method, with catheter-free individuals having the highest isolation rate (p<0.05). However, gram-positive bacteria were isolated in the 348 (16.2%) cases. The major gram-positive bacteria strains were Enterococcus spp. (255, 11.8%) and S. aureus (43, 2.0%). Between these, Enterococcus was most frequently isolated gram-positive bacteria. Enterococcus was also more commonly iso- 
Values are presented as number (%). *p<0.05, significant differences in intragroup comparison of gender, hospitalization history, and bladder management by chi-square test.
www.e-arm.org lated in individuals with hospitalization history in other institutions than in those without (p<0.01). In addition, identification rates differed based on voiding method, with the highest rate in catheter-free individuals (p<0.01). S. aureus was identified 43 times (2.0%) and more commonly in men than in women (p<0.05). Values are presented as number (%).
a)
Gram-positive species.
*p<0.05, significant differences in intragroup comparison of gender, hospitalization history, and bladder management by chi-square test.
www.e-arm.org
MDR organisms
MDR organisms were detected in 29 (1.1%) of the 2,629 urine samples (Table 4) . MDR isolates were not detected from 2001 to 2004; they were first isolated in 2005 and have been detected every year since. Furthermore, whereas three (1.3%) MDR isolates were reported in 2005, eight (4.7%) MDR species were isolated in 2013, the highest frequency of MDR organism detection to date (Fig.  1) . The identified MDR organisms included MRSA (18), MRAB (6), VRE (3), and MRPA (2) (Fig. 2) , and MRSA was most frequently observed (62.1%). Among voiding methods, the MDR prevalence was highest in patients with urethral (2.6%) or suprapubic (3.3%) indwelling catheters compared with those without (Table 4) . Those with a history of hospitalization (1.3%) also experienced significantly more frequent MDR organism infections compared with those without (0.2%). Of the 29 patients who were positive for MDR organisms, most had a history of hospitalization within four weeks of admission; only one patient who was MRSA-positive did not have a history of hospitalization (Table 4) . Men (1.4%) had greater MDR organism isolation frequency than did women (0.4%) (p<0.05). Analysis according to injury level revealed a higher MDR organism isolation frequency in tetraplegic (1.6%) than paraplegic (0.5%) patients (p<0.01). MDR organism isolation frequency was also greater in patients whose time since injury was less than three months (2.8%) (p<0.01). There were no significant differences in the frequency of MDR organism isolation based on age or AIS (Table 4) .
Risk factors for MDR organism isolation
Demographic factors After confounders were controlled for in the logistic regression analysis, MDR organism occurrence differed www.e-arm.org significantly depending on admission year (p<0.01); MDR occurrence risk also increased annually by 1.249 from 2001 to 2013 (Table 5) . By gender, men had 2.881 times the risk of that for women, a finding with borderline statistical significance (0.05<p<0.1). For those with hospitalization history in other institutions, MDR risk as represented by odds ratio was 4.330 times greater than for those without, although this difference was not statistically significant; this observation should be carefully considered. Age was not significantly correlated with risk of MDR isolation.
SCI-associated factors
Tetraplegic SCI patients had 2.120 times the risk of being positive for MDR isolates than did paraplegic patients, a finding with borderline statistical significance (0.05<p<0.1). Time since injury and AIS were not significantly correlated with the risk of MDR isolates (Table 5) .
Bladder management method-associated factors
Patients with urethral indwelling catheters had 3.547 times the MDR organism isolation rate of that in patients who used catheter-free voiding, a statistically significant difference (p<0.05). Similarly, patients with suprapubic indwelling catheters had 3.335 times the MDR organism isolation frequency of that in patients who used catheterfree voiding. Although this difference was not statistically significant, its odds ratio was high (Table 5) .
DISCUSSION
This study analyzed the results of routine urine cultures from over 2,600 SCI patients who were admitted to a single institution over the last 13 years. The study strengths included detailed urine culture results based on extensive data from SCI patients and the fact that various confounders were controlled for in the analysis of risk factors that influenced the incidence of MDR organisms. Previous studies on urine culture in SCI patients that were conducted in Korea were of smaller scale and had a number of limitations. This study provides a sound basis for looking at urinary bacterial colonization and MDR organism occurrence in domestic SCI patients.
Bacterial colonization of the urinary tract in SCI patients generally occurs because of the spread of gramnegative bacteria that reside in the bowel, perineum, or urethra following insertion of instruments into the bladder, contamination from an environmental source, or cross-contamination from other patients [10] [11] [12] . Individuals who have experienced urinary tract colonization have increased risks of further tissue invasion and recurrent symptomatic UTI [10] . In this study, 1,929 (73.4%) of 2,629 SCI patients were positive for significant bacteriuria based on routine urologic examination of urine cultures. This result was similar to those in previous studies that reported 70%-87.3% bacterial culture positivity in urine cultures from SCI patients [9, 13, 14] . However, previous studies have also reported that 63.3% of patients with symptomatic UTIs showed changes in organisms compared with their initial urine cultures [15] . Therefore, it is important to compare urine test results taken when the patient presents with clinical symptoms of UTI and at the time of admission.
Polymicrobial growth in urine cultures from individuals with functionally normal urinary tracts is typically attributed to contaminated specimens, and urine culture is often repeated. However, detection of polymicrobial growth in urine cultures from SCI patients and urinary symptoms is highly likely to have clinical significance [16] . In this study, we analyzed urine culture tests that were conducted regardless of presence of symptoms in SCI patients, and polymicrobial bacteriuria was detected in 8.4% of cases. It is likely that the frequency would have been even higher among SCI patients with urinary symptoms. Furthermore, polymicrobial bacteriuria is reportedly related to increased antibiotic resistance [17] .
The bacterial species detected in this study, in order of frequency, included E. coli, Klebsiella, Enterococcus, and Pseudomonas. Because Enterococcus comprises VRE, Pseudomonas comprises MRPA, Acinetobacter comprises MRPA, and S. aureus comprises MRSA, the prevalence of these bacterial species should be watched carefully. Some had different detection frequencies according to patient gender, hospitalization history, and bladder management method, findings similar to those of previous studies [18] .
This study showed that there has been a significant increase in the prevalence of MDR organisms in the last 13 years. In particular, the detection rate in 2013 was high, at 4.7%. This is a global trend that is often attributed to increased antibiotic usage. Domestically, increased detection of MDR organisms is recognized as a significant www.e-arm.org Although these results were obtained from diverse patients and samples, they can be compared with the results of the current study. In this study, 18 cases of MRSA, six cases of MRAB, three cases of VRE, and two cases of MRPA were detected in the urine cultures of SCI patients. Based on the order of frequency for each MDR organism, the observed trends were generally similar to the 2013 data from the Center for Disease Control, except for CRE detection.
In an acute hospital setting, many SCI patients receive broad-spectrum systemic antibiotic treatment for various reasons, including UTIs. This general usage promotes the colonization of resistant bacteria [5, 10] and could explain the higher frequency of MDR organisms in patients with a history of hospitalization. The rationale for defining hospitalization history as having a history of inpatient treatment at another institution within 30 days of admission to the hospital was that symptomatic infections within 30 days of discharge are considered to be nosocomial infections.
Analysis of urine culture test results by voiding method revealed that patients with suprapubic or urethral indwelling catheters had a higher frequency of significant bacteriuria and isolation of MDR organisms compared with catheter-free patients and those with intermittent catheterization. In addition, polymicrobial bacteriuria was most frequently observed in patients with a urethral indwelling catheter. A previous study on SCI patients reported that the frequency of polymicrobial bacteriuria depended on voiding method [13] . Therefore, in order to reduce urinary tract bacterial colonization, including MDR organisms, indwelling catheters are not recommended. However, SCI patients with indwelling catheters may have been already exposed to various urologic problems related to the urinary tract, which may result in overestimating the frequency of MDR organism isolation or other urine culture test results. In addition, because of limitations in the data that were analyzed in this study, neither incontinence voiding nor spontaneous voiding could be distinguished in the medical records and were therefore both categorized as catheter-free.
A previous study identified risk factors associated with increased detection of MDR bacteria in routine urinary tests for SCI patients, including age (less than 45 years), gender (male), and bladder management method (condom or indwelling catheter) [10] . Results from logistic regression analysis in this study showed that bladder management method (urethral indwelling catheter) and time since injury had the most significant impact on the detection of MDR organisms; gender (male), injury level (tetraplegia), hospitalization history (hospitalized), and other bladder management methods (suprapubic indwelling catheter) were identified as additional factors. Male patients had a comparably greater frequency of MDR organism-causing bacterial species such as Pseudomonas, Acinetobacter and S. aureus than did female patients. In addition, it is assumed that tetraplegic patients will have a longer history of antibiotic usage because of pneumonia or UTIs compared with paraplegic patients. Moreover, patients with a hospitalization history are assumed to be more likely to have a history of medical problems or antibiotic usage in other institutions. Considering these results, routine urine cultures would be useful for detecting MDR organisms in SCI patients who are at high risk for MDR organism colonization. Furthermore, in deciding between voiding methods, use of indwelling catheters should be reevaluated because it may promote colonization by MDR organisms.
This study had a number of limitations. First, it was a single-institutional study that consequently included only patients who were admitted to the institution. Second, this was a retrospective study that reviewed patient charts. Third, because the patient database did not provide information on clinical symptoms and signs, symptomatic and asymptomatic bacteriuria could not be identified. Lastly, because of data limitations, history of urinary problems, antibiotic usage, and length of hospitalization prior to admission to this hospital could not be determined.
This study analyzed urine culture results from SCI pa-www.e-arm.org tients in order to determine the prevalence of MDR organisms and identify factors that lead to increased risk of MDR organism. Although this study analyzed large-scale data from more than 2,600 individuals collected over 13 years, the findings may not be representative because it was a single-institution study. This study also did not measure time to UTI occurrence, antibiotic usage and type, patient medical conditions, or history of intense critical unit usage, which all may be related to risk factors for MDR bacteria colonization. Future studies should be designed to address these limitations. In this study, 73.4% of 2,629 routine urine cultures from patients with SCI were positive for significant bacteriuria. The prevalence of MDR organisms gradually increased from 2001 to 2013 and was reported in 4.7% of all patients in 2013. MDR organisms were more frequently observed in male and tetraplegic patients; most of these patients also had a history of hospitalization in other institutions. Among voiding methods, patients with indwelling catheters had a significantly higher incidence of MDR organisms. Based on the results from this study, clinicians should pay attention to infection control in patients with SCI who are at high risk of MDR organism colonization.
